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fluent. Because the most frequent complaint in children with dysgraphia concerns 
their legibility, these children are neither easy to diagnose nor easy to rehabilitate.  
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Which sensory modality can be used for providing the writer with real-time feedback? 
An initial approach could be to give supplementary visual feedback. This method has 
been little used because of three main limitations. Firstly, adding visual information 
would increase task difficulty, especially for beginners who use vision a lot to control 
their movements. For instance, Weil and Amundson _f`$reported that, for beginners, 
lined paper may add visual confusion and thus jeopardize legibility. Secondly, the 
time required for processing the visual information would be too long, thus making it 
incompatible with online handwriting correction [6]. Indeed, reaction times to visual 
stimuli, measured with EMG responses in arm muscles, are known to be around 125 
ms [7]. This exceeds the 100 ms necessary to write a sub-stroke [8] and, thus, the 
supplementary real-time visual feedback would tend to maintain handwriting both 
slow and dysfluent [9]. Finally, supplementary visual cues might change the nature of 
the task, replacing writing by copying which does not require the same cognitive 
processes [10]. 
A second idea was to supply supplementary proprioceptive feedback. 
Proprioception is likely more effective than vision for accessing spatiotemporal 
information regarding handwriting movements. The main problem of applying 
supplementary proprioceptive feedback is that it, inevitably, affects the action of the 
writer. For this reason, studies in this field have used the term ³KDSWLFJXLGDQFH´ [11, 
12]. Palluel-Germain et al. [11] evaluated the effect of a visuo-haptic training protocol 
on copying task for 5-to-6 year-old children. They found that children who learnt with 
the visuo-haptic device produced more fluent handwriting movements. In the same 
team, Bluteau and colleagues [12] refined haptic guidance in a graphic task for adults, 
by comparing two modes of correction: A first based on the distance between the 
position of the stylus and the nearest position of the ideal required trajectory. A 
second based on errors in the force profile, corresponding to the difference between 
the produced force and the ideal required force. The authors revealed a positive effect 
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of haptic guidance based on force profile only. They concluded that the visual 
modality is mainly responsible for providing spatial information and that the haptic 
modality provides the kinematic information, probably encoded in the force 
coordinates.  
Beyond the technical constraints related to its complex implementation and the 
costly tools required, the two main drawbacks are, firstly, haptic guidance can render 
the writer passive, and, secondly, it requires a model of the ideal trajectory that the 
writer needs to reproduce and from which the comparison can be made. However, the 
well-known fundamental laws of handwriting are 1: no two people write exactly alike 
and 2: no one person writes the same word twice in exactly the same way [13]. The 
variability and the individuality of dysgraphic handwriting question the validity of 
methods based on model reproduction for rehabilitation. Furthermore, as already 
explained, copying and tracing tasks do not require the same cognitive processes [10]. 
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Applying auditory feedback to help the writer to improve his or her movements is a 
more original approach, if we consider handwriting as a silent activity. Thanks to the 
availability of auditory modality, sounds can be used to give real-time information 
about the correctness of the ongoing movement, without interfering directly with 
visual or proprioceptive feedback. Congruent multisensory (audiovisual) integration 
resulting from movement sonification is known to improve the perception and 
performance of motor skills [14]. Furthermore, the dynamic features of sounds make 
them particularly relevant for informing the writer about the spatiotemporal 
characteristics of his or her movements. Finally, because of their playful 
characteristics, sounds are potentially effective for motivating children in need of 
such assistance. 
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computed by subtracting the number of velocity peaks when velocity is filtered with a 
cutoff frequency of 5 Hz from the number of velocity peaks when velocity is filtered 
with a cutoff frequency cut of 10 Hz.$
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